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(54) Isothermal catalytic reactor for exothermic or endothermic heterogeneous reactions 



(57) An isothermal reactor for carrying out hetero- 
geneous exothermic or endothermic reactions, compris- 
es within a catalytic bed (3) housed in an appropriate 
outer shell (2), at least one tube (1 3) for the passage of 



a cooling or heating fluid which advantageously extends 
within the bed (3) along a plane substantially perpendic- 
ular with respect to opposed perforated side walls (4, 5) 
of the catalytic bed. 
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Description 

Field of application 



[0001] The present invention relates to an isothermal 
reactor for carrying out exothermic or endothermic het- 
erogeneous reactions, comprising: 

a preferably vertical, outer shell of substantially cy- 
lindrical shape; 

at least one catalytic bed provided in the shell and 
comprising opposed perforated side walls for the in- 
let of a flow comprising reactants and the outlet of 
a flow comprising reacted substances, respectively; 
and 

at least one tube passing through said at least one 
catalytic bed for the passage of a cooling or heating 
fluid. 

[0002] In the following description and attached 
claims, with the term; "isothermal reactor", it is intended 
to mean a reactor wherein the temperature within the 
catalytic bed(s) where the reaction takes place is main- 
tained essentially constant, such reaction may be either 
exothermic or endothermic. 

[0003] Reactors of this kind may for example be em- 
ployed in the synthesis of chemicals such as methanol 
or formaldehyde (strongly exothermic reactions) or sty- 
rene (strongly endothermic reactions). 
[0004] As known, in the field of exothermic or endo- 
thermic heterogeneous synthesis, the need is more and 
more felt of realising isothermal reactors of high capacity 
that on one side are easy to manufacture, reliable and 
require low investment and maintenance costs, and on 
the other side allow to operate with low pressure drops, 
low energy consumption and with a high heat exchange 
efficiency between the reactants and the cooling or 
heating fluid. 

Prior art 

[0005] In order to comply with the above mentioned 
need, isothermal reactors have been proposed in the 
field, which are provided with a catalytic bed of radial 
type comprising a large number of vertical straight tubes 
within it for drawing off or supplying heat. 
[0006] For example, DE-A-3 318 098 discloses an 
isothermal reactor for carrying out exothermic or endo- 
thermic heterogeneous synthesises wherein the gase- 
ous reactants pass through the catalytic bed radially and 
come in contact with a plurality of vertical tubes ar- 
ranged within said bed. 

[0007] According to an embodiment which is not 
shown, it is also foreseen that the tubes for drawing off 
or supplying the heat extends helically about a central 
collector for the outlet of the reacted gases from the re- 



actor. 

[0008] In particular, the bundle of helicoidal tubes ex- 
tends vertically between opposed upper and lower tube 
plates, wherein such tubes are twisted round each other. 
5 [0009] It shall be noticed that helicoidal arrangements 
for the tubes for drawing off or supplying heat are known 
also in the isothermal reactors provided with axial cata- 
lytic bed. See for instance US-A-4 339 41 3 and US-A-4 
636 365. 

™ [0010] Although advantageous under certain aspects 
(for example, the radial arrangement of the catalytic bed 
allows to obtain in an easy and cost-effective way higher 
production capacities with lower pressure drops and 
lower energy consumption than with an axial bed), the 

is isothermal reactor with an helicoidal tube bundle' dis- 
closed in DE-A-3 318 098 has a number of drawbacks, 
which are set forth hereinbelow. 

[0011] First of all. the arrangement of the tubes as a 
helicoidal tube bundle - although better than the ar- 
20 rangement of vertical straight tubes - does not match 
effectively the temperature curve of the flow of gaseous 
reactants that pass through the catalytic bed with a ra- 
dial motion. 

[0012] In fact, the gas flow flowing perpendicularly 

25 with respect to the vertical extension of the helicoidal 
tubes, comes in contact - passing through the catalytic 
bed - with different tubes at different temperatures, and 
this causes a low heat exchange efficiency between the 
gaseous reactants and the cooling or heating fluid. 

30 [001 3] In other words, in case of an exothermic reac- 
tions with the gaseous reactants that flow in centripetal 
radial, motion through the catalytic bed, the outer heli- 
coidal tubes are crossed by a gas that has just started 
to react, and is thus relatively cold, whereas the helicoi- 

35 dal tubes which are closer to the core are crossed by a 
gas at higher and higher temperature that exchanges 
with them an ever increasing amount of heat until a point 
is reached, where the temperature of the reaction gas 
is at its maximum. From there on, the temperature de- 

40 creases and hence the amount of heat which is ab- 
sorbed by the helicoidal tubes arranged next to the gas 
outlet wall of the catalytic bed is progressively smaller 
(see DE-A-3 318 098, fig. 3). 

[0014] Therefore, each helicoidal tube receives a dif- 
45 ferent amount of heat and must stand a different thermal 
load. This causes a bad distribution of temperature with- 
in the catalytic bed detrimental for the heat exchange 
efficiency. 

[0015] For example, whenever hot water flows inside 
50 the tubes as cooling means, and it is transformed into 
steam, it is clear that each tube of a helicoidal tube bun- 
dle as suggested in DE-A-3 31 8 098, produces a differ- 
ent amount of steam. 

[0016] This implies relevant problems of control and 
55 feed/draw off for the cooling fluid at the tube plates, as 
well as a bad distribution of the water and of the steam 
inside said tubes. 

[0017] In this respect, it is worth noticing how all the 
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tubes of the Isothermal reactor described in DE-A-3 318 
098 are parallel to each other, that is to say they are fed 
from the same source and discharge at the same point. 
Hence the pressure drop available for each helicoidal 
tube is the same. 

[001 8] In DE-A-3 318 098, the helicoidal tubes in con- 
tact with the gaseous reactants at low temperature are 
subjected to a small thermal load, which means a low 
degree of vaporisation of the water.with ensuing low out- 
let velocity and therefore high water flow rates (calcu- 
lated as mass flow rates) . The helicoidal tubes in con- 
tact with the gaseous reactants at high temperature are 
instead subjected to a great thermal load, which means 
a high degree of vaporisation of the water with ensuing 
high outlet velocity and therefore low water flow rates 
(calculated as mass flow rates). 

[001 9] Therefore, when the reactor is operating, a sit- 
uation occurs wherein the coils which undergo the great- 
est thermal load are those which are supplied with less 
water and are prone to have an ever increasing degree 
of vaporisation and an ever decreasing capacity of 
drawing off the heat. This brings to a far from optimum 
distribution of temperature within the catalytic, bed, in 
case of slightly exothermic reactions such as the meth- 
anol synthesis whilst in case of fast and strongly exo- 
thermic reactions such as the formaldehyde synthesis, 
this may even bring to a temperature sharp rise. 
[0020] Further on, the excessive vaporisation pro- 
motes the formation inside the tubes of deposits of res- 
idues present in the water to the detriment of the heat 
exchange efficiency of the tubes themselves. 
[0021] All these disadvantages are independent from 
the fact that the tubes are arranged at different distances 
depending on the profile of temperature of the gaseous 
reactants within the catalytic bed. 
[0022] A further disadvantage of the reactor accord- 
ing to the prior art is given by the high structural com- 
plexity deriving from the helicoidal arrangement of the 
tube bundle that requires high investment and mainte- 
nance costs. 

[0023] Further on, the provision of tube plates - which 
generally need to be very thick and hence expensive 
because of the difference of pressure between the gas- 
eous reactants and the cooling or heating fluid - is a con- 
straint as far as the number of tubes which may be ar- 
ranged is concerned, with ensuing further detriment of 
the heat exchange efficiency of the reactor. 
[0024] Because of these disadvantages, isothermal 
reactors for carrying out exothermic or endothermic het- 
erogeneous synthesises with a radial catalytic bed and 
a helicoidal tube bundle have been indeed used quite 
seldom to date (and this is even more true for reactors 
with a vertical tube bundle), notwithstanding the ever in- 
creasing need felt in the field of having high capacity 
reactors. 



Summary of the invention 

[0025] The problem underlying the present invention 
is that of providing an isothermal reactor for carrying out 
s exothermic or endothermic heterogeneous reactions 
which is easy to realise, reliable and requires low invest- 
ment and maintenance costs and allows to operate with 
low pressure drop, low energy consumption and with a 
high heat exchange efficiency between the reactants 

10 and the cooling or heating fluid. 

[0026] The aforesaid problem is solved, according to 
the invention, by a reactor of the above mentioned type, 
that is characterised in that said at least one tube for 
drawing off or supplying heat extends within said at least 

'5 one catalytic bed along a plane substantially perpendic- 
ular with respect to the side walls of the bed. ■ 
[0027] Thanks to the present invention, it is advanta- 
geously possible to realise - in an easy and cost-effec- 
tive way - an isothermal reactor with a high heat ex- 

20 change coefficient, to all advantage of the conversion 
yield and of the energy consumption. 
[0028] In fact, differently from the helicoidal tubes ac- 
cording to the prior art that extend from one end to the 
other of the catalytic bed in a direction substantially par- 

25 allei with respect to the perforate side walls for the feed 
and extraction of the gaseous flow, according to the 
present invention each single tube for drawing off or for 
supplying heat extends along a plane within the catalytic 
bed substantially perpendicular with respect to the side 

30 walls for the passage of the reactants. 

[0029] In this way, the tube(s) is(are) advantageously 
arranged in a substantially parallel way with respect to 
the direction of crossing of the catalytic bed by the flow 
comprising reactants. ... 

35 [0030] This means that. each single tube. is in contact 
with a same portion of reactants and matches advanta- 
geously ail the heat variations, and hence the tempera- 
ture profile, of such portion of reactants from the inlet to 
the outlet of the catalytic bed. 

40 [0031] By consequence, whenever within the catalytic 
bed(s), a plurality of tubes is arranged according to the 
present invention, they all withstand the same thermal 
load. For example, in case of an exothermic reaction, 
with hot water as cooling fluid, all the tubes produce the 

45 same amount of steam (uniform distribution of the water 
and steam inside the tubes). . 

[0032] In other words, thanks to the present invention, 
each tube is able to draw off or to supply the same 
amount of heat and it is thus possible to obtain an opti- 

50 mum distribution of the temperature within the catalytic 
bed, also for strongly exothermic or endothermic reac- 
tions. This is to all advantage of the heat exchange ef- 
ficiency of the catalytic bed and hence of the conversion 
yield inside the bed itself and of the respective energy 

55 consumption. 

[0033] With respect to the above described isother- 
mal reactor with reference to the prior art, the reactor 
according to the present invention allows to recover or 
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supply heat at a higher thermal level, with ensuing in- 
crease of the heat exchange efficiency and of the con- 
version yield. Or, again, the conversion yield being the 
same as for the prior art, the increase of the heat ex- 
change efficiency permits to decrease the required cat- 
alyst volume, with ensuing savings in terms of space 
and investment costs. 

[0034] A further advantage of the present invention is 
that, when a plurality of tubes are arranged inside a cat- 
alytic bed, these may all be fed from a same source as 
there are no control problems for the supply and extrac- 
tion of the cooling/heating fluid, all the tubes being sub- 
jected to the same thermal load. 
[0035] Finally, it shall be noticed how the reactor ac- 
cording to the present invention is particularly easy to 
be realised and does not require tube plates, with ensu- 
ing relevant savings in terms of investment and mainte- 
nance costs. 

[0036] The features and the advantages of the 
present invention will become clear from the following 
indicative and nonlimiting description of an embodiment 
of the invention, made with reference to the attached 
drawings. 

Brief description of the drawings. 

[0037] In such drawings: 

Figure 1 shows a partial view in longitudinal section 
of an isothermal reactor for carrying out exothermic 
or endothermic heterogeneous reactions according 
to an embodiment of the present invention; 

- , Figure 2 shows an enlarged schematic prospective 
view of a detail of the reactor of figure 1 ; 

Figure 3 shows an enlarged schematic view in lon- 
gitudinal section of a detail of the reactor of figure 1 ; 

Figure 4 shows a schematic view in cross section 
of a coil tube at constant pitch for the passage of a 
cooling or heating fluid, of the type employed in the 
reactor of figure 1 ; 

Figure 5 shows a schematic view in cross section 
of the tube of figure 4 at variable pitch; 

Figure 6 shows a view in longitudinal section of an 
isothermal reactor for carrying out exothermic or en- 
dothermic heterogeneous reactions according to a 
further embodiment of the present invention; 

Figure 7 shows a schematic view in cross section 
of two coil tubes arranged side-by-side for the pas- 
sage of a cooling or heating fluid, of the type em- 
ployed in the reactor of figure 6. 



Detailed d escription of a preferred embodiment 

[0038] With reference to figures 1 -5, an isothermal re- 
actor according to the present invention for carrying out 
exothermic or endothermic heterogeneous reactions is 
indicated in its whole with 1 . 

[0039] The reactor 1 comprises an outer shell 2 of 
substantially cylindrical shape, inside which a catalytic 
bed is housed, generally indicated with 3. 
[0040] The catalytic bed 3 is delimited on its sides by 
opposed perforated side walls 4 and 5, for the inlet of a 
flow comprising reactants and for the outlet of a flow 
comprising reacted substances, respectively. 
[0041] Generally speaking, the substances which are 
fed to the reactor 1 for carrying out the exothermic or 
endothermic heterogeneous synthesises are in gase- 
ous phase. 

[0042] Therefore, in the description below, with the 
terms: "flow comprising reactants" and "flow comprising 
reacted substances", it is intended to mean a flow of 
gaseous reactants and a flow of reacted gases, respec- 
tively. It is anyway clear that the reactor according to the 
present invention might be employed also for reactions 
occurring in liquid phase or liquid/gaseous phase, re- 
spectively, 

[0043] In the example described hereinbelow, the per- 
forated walls 4 and 5 are hence gas permeable with re- 
spect to the inlet in the catalytic bed 3 of a flow of gas- 
eous reactants and to the outlet of a flow of reacted gas- 
es, respectively 

[0044] The catalytic bed 3 is further delimited in its 
lower part by an unperforated bottom (not permeable to 
gases), that corresponds in the example of figure 1 with 
the bottom 6 of the reactor 1, and in its upper part by a 
perforated wall 7 (gas permeable) for the passage with 
axial motion through the bed 3 of a minor portion of the 
gaseous reactants. 

[0045] !n order to allow a correct axial-radial crossing 
of the catalytic bed 3, the radial part being preponderant 
with respect to the axial part, the side wall 5 has a small 
unperforated portion 5' (not permeable to gases) that 
extends from an upper end thereof. 
[0046] The wall 7 permeable to gases is anyway to- 
tally optional, featuring mainlylhe function of holding the 
catalyst (not represented in figure 1 ) inside the bed 3, 
so that it may be well left apart. 

[0047] Alternatively, whenever a merely radial cross- 
ing of the catalytic bed is required, a wail 7 is provided, 
which is not perforated or anyway not permeable to the 
gas. 

[0048] Both the catalytic bed of the radial type and, 
even in a more remarkable way, that of the axial-radial 
type are particularly advantageous as they allow to ob- 
tain high conversion yields and at the same time low 
pressure drops for the gaseous reactants, by making 
use of more active catalysts of smaller granulometry. 
[0049] Between the shell 2 and the side wall 4 there 
is provided an annular space 8 for allowing an optimum 
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distribution and feed of the gaseous reactants in the cat- 
alytic bed 3. To this end, the space 8 is in fluid commu- 
nication with a gas inlet nozzle 9. . 
[0050] In turn, the side wall 5 defines inside it a duct 
10 for the collection and ejection from the reactor of the 
flow of reacted gases. To this end, the duct 10 is in fluid 
communication with a gas outlet nozzle 11 and is closed 
on its upper side by a baffle 1 2 not permeable to gases. 
[0051] In order to allow the draw off or the supply of 
heat from or to the gases flowing inside the catalytic bed 
3, so as to maintain the reactor 1 isothermal, the bed 3 
is crossed by a plurality of tubes, which are all indicated 
by numeral 13, for the passage of a cooling or heating 
fluid, respectively. 

[0052] The cooling or heating fluid is fed to the tube 
1 3 through a duct 1 4 in fluid communication with one or 
more inlet nozzles 15, and extracted from the tubes 13 
through a duct 16 in fluid communication with one or 
more outlet nozzles 17. 

[0053] The number of nozzles 1 5 and 1 7, respective- 
ly, (equal to two as far as the instant example is con- 
cerned) is chosen according to the cooling or heating 
fluid flow rate. Preferably, the more relevant such flow 
rate, the larger the number of outlet nozzles 15 and 17. 
[0054] The duct(s) 1 4 are in fluid communication with 
the nozzle(s) (15) through a toroidal collector 14a, 
whereas the duct(s) 16 are in fluid communication with 
the nozzle(s) 17 through a toroidal collector 16a. 
[0055] According to a particularly advantageous as- 
pect of the present invention, the tubes 13 for drawing 
off or supplying heat,, extend as a coil within the catalytic 
bed 3 along a plane substantially perpendicular with re- 
spect tolhe side walls 4 and 5 thereof. 
[0056] In the following description and attached 
claims, with the term: " coil tube ", it is intended to mean . 
a tube which is substantially curvilinear or provided al- 
ternatively with curvilinear and straight sections. 
[0057] In doing so, each tube 1 3 is crossed for all its 
length by a same portion of reactant gases, thus being 
able to follow all the thermal variations, and hence the 
temperature profile, of such gas portion from the inlet to 
the outlet of the catalytic bed 3. 
[0058] In addition, the tubes 1 3 formed as a coil along 
respective planes substantially parallel to each other, all 
undergo the same thermal load and operate hence in 
the same way. 

[0059] This results in an optimal distribution of the 
temperatures inside bed 3, without the risk of sharp tem- 
perature rises, and an efficient heat exchange between 
the gaseous reactants and the cooling or heating fluid 
to all advantage of the conversion yield and of the en- 
ergy consumption. 

[0060] In the example of figure 1 , the shell 2 is ar- 
ranged vertically and the tubes 1 3 extend as coils within 
the catalytic bed 3 along a plane that is preferably sub- 
stantially horizontal. 

[0061] Nothing prevents, anyway, from arranging the 
tubes 13 in a different way, for example in groups of 



tubes overlaid with respect to each other, which extend 
along vertical planes. 
. [0062] In both instances, the tubes are perpendicular 
with respect to the side walls 4 and 5, as well as with 

5 respect to the longitudinal axis 18 of the shell 2 in case 
of a vertical reactor, whereas they are substantially par- 
allel with respect to the crossing direction of the bed 3 
by the flow of gaseous reactants. 
[0063] It is clear, that within the scope of the present 

10 invention, there is also foreseen a reactor 1 comprising 
a plurality of catalytic beds 3, wherein the beds may be 
crossed by a variable number of tubes 1 3 (at least one) 
according to the exothermal degree of the reaction and/ 
or the dimensions of. the catalytic bed. 

75 [0064] In the scope of the present invention it is also 
comprised a reactor 1 comprising one or more catalytic 
beds crossed by the flow of reactants with mainly radial 
. motion from the centre (duct 10) towards the outer pe- 
riphery (space 8). 

20 [0065] Still, according to a further, not shown, embod- 
iment of the present invention, it is possible to foresee 
an outer shell of the horizontal type comprising one or 
more catalytic beds crossed by tubes for drawing off or 
supplying heat, that extend as coils along planes per- 

2S pendicular with respect to the gas-permeable walls for 
the inlet and outlet of the gaseous reactants. In this 
case, as well, the perforated side walls of the catalytic 
bed(s) are parallel with respect to the longitudinal axis 
of the shell. 

30 [0066] The tubes 13 may be singularly connected to 
. the nozzles 15 and 17, and hence each tube 13 is con- 
nected to a feed duct 14 and a duct 16 for drawing off 
the. cooling or heating fluid, respectively. They may also 
be connected to groups of at least two tubes, i:e. to a 

05 duct 14 and a duct 16 for each group of tubes 1 13; or 
through a single duct 14 or 16, respectively, so that all 
the tubes 1 3 are connected to each other. 
[0067] Preferably, the tubes 1 3 are connected to each 
other - at respective free ends - in groups of at least two 

40 tubes, each group being in fluid communication with a 
duct 1 4 for feeding and a duct 1 6 for drawing off the cool- 
ing or heating fluid, respectively The various ducts 14 
and 16 are, in turn, in fluid communication with the noz- 
zle 15 and with the nozzle 17, respectively. 

45 [0068] The connection between single adjacent tubes 
is accomplished by means of connecting pipes, ail indi- 
cated with 1 9, as better shown in figures 2 and 3. 
[0069] In case of a plurality of ducts 14 and 16, these 
lead into the respective collectors 14a and 16a as well 

50 as into the respective tubes 13 preferably at an angularly 
offset position with respect to each other. 
[0070] In the example of figure 1 , the first and the last 
group of tubes 13 comprised in the catalytic bed 3are 
shown. 

55 [0071] The cooling or heating fluid is fed by means of 
respective ducts 1 4 in correspondence of one end of the 
lower tubes 13 of each group, is made to pass through 
the tubes 13 of each group, wherein heat exchanges of 
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the same entity take place, and finally drawn off by 
means of respective ducts 16 from an end of the upper 
tubes 13 of each group. 

[0072] Alternatively, it is possible to provide for a 
crossing of the groups of tubes by the cooling or heating 
fluid in a direction downwards. In this case, the fluid is 
fed to the tubes 13 through the ducts 16 and is drawn 
through the ducts 14. 

[0073] It shall be noticed how the resulting construc- 
tion is easy to realise and to operate, and how the pro- 
vision of a tube plate is not required, with ensuing sav- 
ings in terms of investment and maintenance costs with 
respect to the prior art. 

[0074] The embodiment shown in figure 1 is more ad- 
vantageous than the one wherein each single tube 13 
is separately connected to the nozzles 15 and 17, par- 
ticularly for long reactors which are provided with a lot 
of tubes 13. In fact, the number of ducts 14 and 16 is 
reduced (depending on the number of tubes 13 making 
up each group). 

[0075] Further on, the embodiment shown in figure 1 
is more advantageous than the one wherein all the tubes 
13 are connected to each other, with the tubes at the 
respective lower and upper ends connected to a single 
duct 14and 16, respectively, as there is a lower pressure 
drop for the cooling or heating fluid. 
[0076] On the other hand, the structure with all the 
tubes 13 being connected to each other, is particularly 
easy to be realised, as it needs only one feed duct 14 
and one drawing off duct 16 for the cooling or heating 
fluid. 

[0077] Preferably, the tube(s) 13 crossing the catalytic 
bed 3 for drawing off or for supplying heat are realised 
with a spiral-shaped coil as shown in figures 4 and 5. 
[0078] In fact, the spiral shape of tubes 1 3 has been 
found to be particularly advantageous both in terms of 
heat exchange efficiency and in terms of simplicity and 
flexibility of construction. 

[0079] The spiral-shaped tube 13 may adapt itself to 
the most varying dimensions of the catalytic bed 3, and 
in particular it is able to cover all the portions of the 
same, thus allowing an effective heat exchange to take 
place everywhere in the bed. 

[0080] Further on, according to the amount of heat to 
be drawn off or to be supplied, the spiral-shaped tube 
13 may be realised with turns at a more or less close 
distance. 

[0081] In the example of figure 4, the spiral tube is 
realised with a constant winding pitch, that is to say a 
constant distance between two adjacent turns. 
[0082] In this respect, particularly advantageous re- 
sults have been obtained varying the winding pitch in 
accordance with the variation of the radius of the spiral, 
in such a way to adapt itself to the temperature profile 
of the gaseous reactants within the catalytic bed 3, fol- 
lowing all its thermal variations. 

[0083] In this instance, shown in figure 5, the distance 
between adjacent turns varies in accordance with the 



variation of the radius of the spiral and, preferably, the 
winding pitch decreases as the spiral radius increases. 
[0084] In order to take into account in the best way 
the heterogeneous distribution of the flow of gaseous 
5 reactants in the catalytic bed 3, in particular for an axial- 
radial bed, the tubes 1 3 may be advantageously ar- 
ranged at a varying distance between the planes of two 
adjacent tubes. 

[0085] In doing so, it is possible to adapt the distance 
10 of the tubes 1 3 according to the amount of heat to be 
drawn off or to be supplied, in other words, following the 
temperature profile in the catalytic bed 3, to ail advan- 
tage of the degree of heat exchange efficiency, which 
favourably affects the conversion yield and the energy 
15 consumption. 

[0086] According to this embodiment, not shown, it is 
possible to obtain a higher concentration of tubes 13 
(smaller distance between the planes of two adjacent 
tubes) where a higher flow rate of gaseous reactants 
20 and hence greater thermal loads is to be found, and a 
lower concentration of tubes 13 (larger distance be- 
tween the planes of two adjacent tubes) where the flow 
rate is lower. 

[0087] In figure 6 an isothermal reactor is shown, for 
25 carrying out exothermic or endothermic heterogeneous 
reactions according to a further embodiment of the 
present invention. 

[0088] In such figure, the details of reactor 1 which 
are equivalent to those illustrated in figure 1 from the 
30 structure and operation point of view, will be indicated 
with the same reference numerals and will not be de- 
scribed any more. 

[0089] in the example of figure 6, it is important to no- 
tice how in correspondence of a predetermined horizon- 
35 tal plane two tubes 13 arranged side-by-side are provid- 
ed, as better shown in figure 7. Heat exchanges of equal 
entity take place inside the tubes 13 arranged side-by- 
side. 

[0090] All the tubes 13 of each series 20 and 21 , re- 
40 spectively, are advantageously connected to each other 
by means of connecting pipes 1 9, so as to form two par- 
allel series of tubes 13, generally indicated with 20 and 
21. Further on, each series 20, 21 is connected by 
means of respective lower and upper tubes 13 to only 
45 one feed duct 1 4 and drawing off duct 1 6 for the cooling 
or heating fluid, respectively. 

[0091] In particular, the tubes 1 3 extend as a coil hav- 
ing the shape of an arc of a circle of increasing length 
from a central zone to a peripheral zone. 

so [0092] The tubes 1 3 of each series 20, 21 may be of 
course arranged divided in groups inside the reactor of 
figure 6, such as in the example of figure 1 . 
[0093] The main difference with respect to the exam- 
ple of figure 1 is given by the fact that in such example 

55 each single tube 13 extended along the entire section 
of the catalytic bed 3, while now the tubes 1 3, which are 
arranged side-by-side, would respectively take up a cir- 
cular sector (half section). This implies doubling the 
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number of tubes and in case also of the cooling or heat- 
ing fluid feed and drawing off ducts 14 and 16, respec- 
tively, as well as of the connecting pipes 19. 
[0094] This tubes arrangement may be well suited for 
extremely exothermic or endothermic reactions as it ai- 5 
lows to have two feeds and extractions for the cooling 
or heating fluid, thus increasing the heat exchange effi- 
ciency. 

[0095] in this respect, arrangements with three or 
more coil-shaped tubes 1 3 arranged side-by-side in cor- 10 
respondence of a same horizontal plane may also be 
advantageously foreseen. 

[0096] The reactor according to the present invention 
may be advantageously employed for carrying out es- 
sentially all kinds of exothermic or endothermic reac- is 
tions. In particular, examples of exothermic reactions 
that are well suited for being carried out with the present 
invention may be: methanol, ammonia, formaldehyde, 
organic oxidation (for example ethylene oxide), where- 
as, examples of endothermic reactions may be: styrene 20 
and methylbenzene. 

[0097] Fluids such as hot water, that transforms into 
steam at a high thermal level, or melted salts or diather- 
mal oils are preferably used for drawing off the heat (in 
case of exothermic reactions). Analogous fluids may al- 25 
so be used for supplying heat in case of endothermic 
reactions. 

[0098] The operation of the reactor 1 for carrying out 
exothermic or endothermic reactions according to the 
invention is described hereinbelow. 30 
[0099] It shall be noticed how the operating conditions 
of pressure and temperature of the gaseous reactants 
fed to the catalytic bed 3 as well as those of the cooling 
or heating fluid passing through the tubes 13 are those 
conventional for the specific kind of reaction intended to 35 
be carried out, and therefore will not be described in spe- 
cific detail in the description below. 
[0100] As an example, only the operating conditions 
for the methanol synthesis are given: synthesis pres- 
sure 50-100 bar, synthesis temperature. 200-300 °C, 40 
pressure of the steam generated 15-40 bar. 
[0101] With reference to figure 1, a flow of gaseous 
reactants is fed to the catalytic bed 3 through the gas 
inlet nozzle 9 and flows inside it through the perforated 
walls 4 and 7. The catalytic bed 3 is then crossed with 45 
a mainly radial (axial -radial) motion by the gaseous re- 
actants that react when they enter in contact with the 
catalyst. 

[01 02] The heat developed during the synthesis reac- 
tion or required for carrying out such reaction is respec- so 
tively drawn off or supplied by a fluid passing through 
the tubes 13. 

[0103] Such fluid is introduced into the reactor 1 
through the nozzle 1 5 and fed to the lower tubes 1 3 of 
each group through the ducts 1 4. Then it passes through 55 
the tubes 1 3 of each respective group that are connect- 
ed in correspondence of their free ends by connecting 
pipes 19, it is drawn off from the upper tubes 13 of the 
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respective groups through the ducts 16 and evacuated 
from reactor 1 through the gas outlet duct 1. 
[0104] Finally, the flow of reacted gases obtained in 
the catalytic bed 3 leaves the latter through the perfo- 
rated wall 5, is collected in the duct 10 and then ejected 
from the reactor 1 through the gas outlet duel 11. 
[0105] The operation of the reactor 1 of figure 6 is 
analogous to that of figure 1 , with the exception that the 
cooling fluid contemporaneously flows through two se- 
ries 20 and 21 of tubes 1 3 arranged side-by-side. Fur- 
ther on, as the tubes 1 3 of each series are all connected 
to each other, the cooling fluid is fed through a duct 14 
in correspondence of a lower tube 13 and goes up 
through all the catalytic bed 3 passing through the tubes 
13 before going out from the upper tube 13 in order to 
be drawn off from the reactor 1 through the nozzle 17. 
[0106] Advantageously, it is important to notice that 
the tubes 13 extend within the catalytic bed 3 along a 
plane substantially parallel with respect to the crossing 
direction of the catalytic bed by the flow of gaseous re- 
actants. 

[0107] From the above description, the numerous ad- 
vantages achieved by the present invention clearly 
arise, in particular the provision of a reactor for carrying 
out exothermic or endothermic reactions which is easy 
to realise, reliable and requires low investment and 
maintenance costs, and at the same time allows to op- 
erate at a high conversion yield, low pressure drops, low 
energy consumption and with a high efficiency of heat 
exchange between the gaseous reactants and the cool- 
ing or heating fluid. 

Claims 

1. Isothermal reactor for carrying out heterogeneous 
exothermic or endothermic reactions, comprising: 

a preferably vertical, Outer shell (2) of substan- 
tially cylindrical shape; 

at least one catalytic bed (3) provided in the 
shell (2) and comprising opposed perforated 
side walls (4, 5) for the inlet of a flow comprising 
reactants and the outlet of a flow comprising re- 
acted substances, respectively; and 

at least one tube (13) passing through said at 
least one catalytic bed (3) for the passage of a 
cooling or heating fluid; 

characterised in that said at least one tube (13) ex- 
tends within said at least one catalytic bed (3) along 
a plane substantially perpendicular with respect to 
the side wails (4, 5). 

2. Reactor according to claim 1 , characterised in that 
said at least one tube (3) extends within said at least 
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one catalytic bed (3) along a substantially horizontal 
plane. 

3. Reactor according to claim 1 , characterised in that 
said at least one tube (3) extends as a coil, prefer- s 
ably in the form of a spiral. 

4. Reactor according to claim 3, characterised in that 
said spiral-shaped coil has a winding pitch that var- 
ies in accordance with the variation of the radius of w 
the spiral, 

5. Reactor according to claim 4, characterised in that 
said winding pitch decreases as the radius of the 
spiral increases. is 

6. Reactor according to claim 1 , characterised in that 
it comprises a plurality of tubes (13) arranged in said 
at least one catalytic bed (3) at a variable distance 
between adjacent tubes (13). 20 

7. Reactor according to claim 1 , characterised in that 
it comprises a plurality of tubes (1 3) in said at least 
one catalytic bed (3) overlaid with respect to each 
other and connected in correspondence of respec- 2s 
tive free ends. 

8. Reactor according to claim 7, characterised in that 
said tubes (13) are connected to each other in 
groups of at least two tubes, each group being in 30 
fluid communication with a duct (14, 16) for feeding 
and drawing off said cooling or heating fluid respec- 
tively. 

9. Reactor according to claim 1 , characterised in that 35 
at least two tubes (13) arranged side-by-side are 
provided in correspondence of at least one prede- 
termined plane substantially perpendicular with re- 
spect to said side walls (4, 5) within said at least 
one catalytic bed (3). 40 

10. Reactor according to claim 9, characterised in that, 
said at least two tubes 1 3 arranged side-by-side ex- 
tend as a coil having the shape of an arc of a circle 

of increasing length from a central zone of said bed 45 
(3) to a peripheral zone thereof. 



so 



55 



8 




9 




Fig. 2 
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